Paragonimiasis is a food-borne parasitic disease caused by various species of the lung fluke belonging to the genus *Paragonimus*, including the type species *P. westermani* \[[@b1-kjp-55-3-347],[@b2-kjp-55-3-347]\]. It is endemic worldwide as in Asian countries, including Korea, Japan, China, Thailand, and Vietnam. People are mostly contracted by ingesting raw or undercooked freshwater crabs and crayfish, the second intermediate hosts \[[@b3-kjp-55-3-347]\]. In the human body, adult flukes lodge near bronchioles forming worm capsules, which cause pulmonary paragonimiasis \[[@b2-kjp-55-3-347]\]. The host reactions in response to the mechanical irritation and excretory products of the flukes lead to inflammatory cell infiltrations and granuloma formation. Chronically, there appear purulent, tubercle-like lesion and/or calcification. The flukes can also cause extrapulmonary paragonimiasis, with cerebral paragonimiasis being the most frequent and serious outcomes \[[@b4-kjp-55-3-347]\].

Paragonimiasis had previously been rampant in Korea due to some habits, such as eating raw crabs for food and drinking raw crayfish juice as a folk medicine for the treatment of measles and fever of unknown origin in children. It is now almost eliminated as a result of proper health education and ample supply of therapeutic medicine, praziquantel. Nevertheless, clinical cases of paragonimiasis are reported even nowadays \[[@b5-kjp-55-3-347]--[@b12-kjp-55-3-347]\].

Freshwater crabs and crayfishes harboring *P. westermani* metacercariae (PwMc) are important sources for human infection. It was recently reported that 32% of the freshwater crayfish caught in various regions of Korea during 2007--2008 were positive for PwMc, ranging 8--59 PwMc per crayfish with an average of 28 PwMc \[[@b13-kjp-55-3-347]\]. Crayfish was known to play enzootically as a source of infection for the reservoir hosts of *P. westermani* \[[@b14-kjp-55-3-347]\]. In the present study, we collected a large number of crayfish in creeks to update the infection status with PwMc in Haenam-gun and Wando-gun, and analyzed the correlation of PwMc incidence with the body weight of the crayfish.

Freshwater crayfish (*Cambaroides similis*, [Fig. 1A](#f1-kjp-55-3-347){ref-type="fig"}) were caught in 2 creeks each in 2 regions, namely Bogil-do (Island) in Wando-gun and Daeheung Temple in Haenam-gun, located in the southern coast of Korean peninsula in March 2013. A total of 144 crayfish were collected, 59 from Wando-gun and 85 from Haenam-gun. The crayfish was immersed in water for 10 min, taken out, and placed in a dry vessel for another 10 min to adjust water content. The body length from the tip of chelipod to uropod was measured, and the body weight was weighed. It was mashed in a mortar with a pestle and sifted through a 500 μm-mesh sieve. The filtrate was precipitated and washed several times with physiological saline. The precipitate was examined under a dissecting microscope to find PwMc ([Fig. 1B](#f1-kjp-55-3-347){ref-type="fig"}). Simple linear regression was used to assess the correlation between the body weight of crayfish and number of PwMc it harbored.

In Bogil-do, Wando-gun, crayfish showed 89.8% infection rate with PwMc, and the metacercarial burden of the infected crayfish averaged 37 PwMc, ranging 1--260 PwMc ([Table 1](#t1-kjp-55-3-347){ref-type="table"}). The number of PwMc revealed an increasing tendency along with the body weight of the crayfish. However, a linear regression did not reach a statistical significance (*P*=0.47, [Fig. 2A](#f2-kjp-55-3-347){ref-type="fig"}).

Crayfish caught in creeks near Daeheung Temple, Haenam-gun were bigger and twice heavier than those in Bogil-do, Wando-gun ([Table 1](#t1-kjp-55-3-347){ref-type="table"}). It was found that 96.5% of the crayfish were infected with PwMc. An average of 140 (1--398) PwMc were found in the infected crayfish, almost quadruple to those of Bogil-do. Moreover, there was a strong correlation between the number of PwMc and body weight of the crayfish (*P*\< 0.001, [Fig. 2B](#f2-kjp-55-3-347){ref-type="fig"}). Overall, 93.8% of crayfish in creeks in both regions were infected with PwMc, with an average of 100 metacercariae per the infected crayfish ([Table 1](#t1-kjp-55-3-347){ref-type="table"}).

In a survey carried out in Namhae Island, Gyeongsangnam-do in 1966, it was observed that 35% of the residents were positive for paragonimiasis by intradermal test, and 59% of the crayfish in this region were infected with PwMc \[[@b15-kjp-55-3-347]\]. In Haenam-gun, in 1965--1969, 41% of residents were positive for the paragonimiasis intradermal test (34% of the positive responders were also positive for *P. westermani* eggs in their sputum), and 31--50% of the crayfish were infected with PwMc \[[@b16-kjp-55-3-347]\].

With favor of health education and anthelmintic interventions, the incidence of paragonimiasis was dropped drastically and remained under elimination in recent decades in Korea. For example, Gangwha-do (Island), Gyeonggi-do was one of the endemic areas of paragonimiasis. In this region, the infection rate and the average number of PwMc in crayfish were 100% and 54 in 1973, then decreased to 20% and 0.6 in 1987, respectively \[[@b17-kjp-55-3-347]\].

While the infection rate of PwMc in crayfish and crab decreased nationwide \[[@b13-kjp-55-3-347]\], it remained still high in the 2 surveyed regions, Wando-gun and Haenam-gun as shown in the present study. It seems that *P. westermani* life cycle is enzootically stable and even prosperous in these 2 areas. In Bogil-do, Wando-gun and Daeheung Temple area, Haenam-gun, the ecosystem may have some unique infra-structures favorable to perpetuating the sylvatic life cycle of *P. westermani*.

With an economic development, fuel for cooking and heating in rural households had changed from forest woods to fossil fuels. The woods in the forest were left untouched by men and became dense to squeeze out the reservoir hosts, such as raccoons and badgers, to creek sides, and preserved an enzootic cycle there. This suggestion may deserve further surveys in the several neighboring creeks.

The crayfish caught from Daeheung Temple area were much larger and heavier than those from Bogil Island. Given the reason for this difference is unclear, predators, including humans might avidly hunt crayfish in Bogil-do before they fully grew. The number of PwMc increased along with the weight of crayfish in Haenam-gun. The bigger and probably the older crayfish might have eaten more freshwater snails (*Semisulcospira libertina*), the first intermediate hosts containing the *P. westermani* cercariae, leading the more PwMc accumulated in them.

We report here that the crayfish still have PwMc in certain creeks and streams of Korea. It could be a source of human infection and be a threat to the public health and food safety in Korea.
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![(A) Freshwater crayfish (*Cambaroides similis*) caught in a creek near Daeheung Temple, Haenam-gun, Jeollanam-do, Korea. (B) *Paragonimus westermani* metacercaria isolated from a crayfish.](kjp-55-3-347f1){#f1-kjp-55-3-347}

![Plots of the number of *Paragonimus westermani* metacercariae against the body weight of crayfish. (A) Bogil-do (Island), Wando-gun. (B) Daeheung Temple, Haenam-gun. Straight lines are results of a linear regression (A, *P*=0.47; B, *P*\<0.001).](kjp-55-3-347f2){#f2-kjp-55-3-347}

###### 

Infection of freshwater crayfish with *Paragonimus westermani* metacercariae in creeks in Wando-gun and Haenam-gun, Jeollanam-do, Korea

  Location                      Crayfish   No. of metacercariae per infected crayfish   Infection rate (%)   
  ----------------------------- ---------- -------------------------------------------- -------------------- ----------------
  Bogil Island, Wando-gun       4.4±0.1    3.1±0.2                                      37±7.0 (1--260)      89.8 (53/59)
  Daeheung Temple, Haenam-gun   5.3±0.1    6.0±0.3                                      140±9.5 (1--398)     96.5 (82/85)
  Total                         4.9±0.1    4.8±0.2                                      100±7.5 (1--398)     93.8 (135/144)

Data are presented as mean±standard error.
